This paper reports work carried out to determine the influence of the ball indenter geometrical errors on the accuracy of Brinell hardness measurements. Indenters with nominal diameters of 1, 2.5, and 5 mm diameter are tested. Fifteen balls are considered for each nominal diameter. The roundness error of each ball is measured. The diameters of the balls were measured by profile projector and the roundness error was measured by CMM machine. The influence of the ball geometry on the accuracy of hardness is investigated. Six calibrated reference hardness-test blocks are used to perform Brinell hardness test using the 45 selected balls. The results show that the roundness error considerably affects the accuracy of the hardness measurement.
Introduction:
Hardness is a measure of a material's resistance to local deformation caused by an indentation from a hard body. The most common indentation hardness tests in industry are Brinell, Vickers, and Rockwell.
1-1 Brinell hardness test
The Brinell hardness test method consists of indenting the test material with a hardened steel or carbide ball subjected to a load. The diameter of the indentation left in the test material is measured with a low powered microscope. The Brinell hardness number is calculated by dividing the load applied by the surface area of the indentation as shown in equation (1) . (1) The diameter of the impression is the average of two readings at right angles. A well structured Brinell hardness number reveals the test conditions, and looks like this, "75 HB 1/30/30 which means that a Brinell hardness of 75 was obtained using a 1mm diameter hardened steel ball with a 30 kilogram load applied for a period of 30 seconds respectively. On tests of extremely hard metals, a tungsten carbide ball is substituted for the steel ball. Compared to the other hardness test methods, the Brinell ball makes the deepest and widest indentation, so the test averages the hardness over a wider amount of material, which more accurately accounts for multiple grain structures and any irregularities in the uniformity of the material [1] . The "true value" of hardness is achieved by the "ideal operator", using the "ideal standards hardness calibration machine" with the "ideal indenter" and working to the standards without any error [2] . In practice, it is impossible to realize the true value of the hardness scale, because the hardness machine and indenter cannot be manufactured and calibrated without tolerances. However, by controlling and reducing such tolerances of the reference standards, both random and systematic errors and their uncertainty contribution to the hardness scales can be minimized. It has been recognized that different indenters, of nominally similar geometry, can lead to large variations in measured hardness values [3] . It has been identified that Brinell indenter morphology will contribute to the uncertainty in the hardness measurement. Therefore, it would be advisable to investigate these effects. The work described in this paper aims to quantify the effect of different indenter geometries on measured Brinell hardness. th AMME Conference, 25 -27 May 2010
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2-Experimental set up
The diameters of fifteen balls are measured by the profile projector P J -250 shown in Fig  (1 The measurement of the roundness deviation is taken around five circles at five different locations randomly distributed over the surface of each ball.
3-Results

3-1 Measuring the diameter of the balls:
Fifteen balls from each nominal diameter were measured. Five measurements were taken for each ball randomly from different positions as shown in tables 1-3 ( The variations of the diameters yield a range of 0.0334mm; which is 0.6% of the nominal diameter. For balls 2.5 the range of the diameter variation is 0.015 mm which equal to 0.6% from the nominal diameter, while for the balls with nominal diameter 1 mm the range is 0.029 mm, rising up to 2.9% from the nominal diameter, It also indicate that the percentage variations is much higher at smaller indenter sizes.
3-2 Roundness error
Ten balls from each nominal diameter 5, 2.5, and 1mm were used to measure the roundness error by CMM machine, as shown from tables 4-6.
( It is shown that the hardness value increases by the decreasing of the ball indenter diameter. Figure (3) shows that the diameter variation of 0.033 mm for the 5 mm ball nominal diameter leads to corresponding Brinell hardness variation 7 HB i.e. about 3.19% for the hardness value of 219 HB. This means that every 1 µm error in diameter of the ball gives a hardness error about 0.096%.; however, for balls of 2.5 mm nominal diameter, the hardness error is 3.4% for 0.015mm variation in ball diameter in the same hardness value (218.8 HB). It follows that every 1 µm error in diameter of the ball gives a hardness error about 0.23%. Furthermore, for balls 1 mm nominal diameter the hardness error is 4.83% for 0.029 mm variation in nominal diameter, i.e. each 1 µm error in diameter gives a hardness error of 0.17%.
For the specimens with the hardness value of 449 HB , also the balls with 2.5and 1 mm nominal diameter give hardness error higher than for 5mm. Balls 5 mm nominal diameter show for each 1 µm variation in diameter 0.068% hardness error, while for balls 2.5and 1mm the variation in corresponding Brinell hardness are 0.19%, 0.12% respectively. It is shown that the standard error of estimate Se is about 0.4 HB for 5mm nominal diameters ball for the two hardness values, and for balls 2.5, and 1 mm nominal diameters are 1.5, and 3.2 HB respectively for 450 HB, and 0.9, 1.6 for 219 HB. Estimated standard error as calculated from equation 2 gives an indication for the scattering of the results, which is mainly obtained from the roundness error. Considering the balls No. 9 and 10 with diameters 2.499, 2.4998 mm, they have the max roundness error of 7.7and 7.2 µm respectively, and showed pronounced scattering in the results. In addition, for balls 1mm nominal diameter, the balls No. 8 and 9 with diameters 1 and 1.001 mm have the maximum roundness error of 7.8 and 8 µm respectively, and showed the same scattering in the results.
Considering the roundness error, it was shown from the results that the balls 2.5, 1 mm have roundness errors higher than the balls 5 mm nominal diameter, which resulted in increase in the standard error of estimate (Se) and the uncertainty values due to the scattering of the results . Figure 6-9 show that the balls with high roundness error values give higher scattering in results than the others.
4-Conclusion
The present study concerns with the effect of the ball indenter diameters and ball roundness error on the Brinell hardness value. It can be concluded that: 1-The measured hardness value increased with decreasing the ball indenter diameter. This implies overestimating the hardness value by using smaller indenters. 2-The balls with nominal diameter of 5 mm, 2.5 mm, and 1 mm , had diameter variation of 0.0334, 0.015, and 0.029 mm respectively , which leads to corresponding Brinell hardness variation of 3.19, 3.4, and 4.83% respectively for the reference hardness value of 219, and 2.2, 2.4, and 3.6% respectively for the 450 standard hardness value. 3-The balls with higher roundness error give high scattering in the results of the hardness test, which leads to a considerable effect on the uncertainty of the results. 4. The balls with nominal diameter of 2.499, 2.4998, and 1.001mm have max roundness errors of 7.7, 7.2, 7.8, 8 µm respectively, and they have significant scattering in results,
